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ABSTRACT 
Objectives: Non-small cell lung cancer (NSCLC) is a leading cause of cancer-related mortality. Despite cur-
ative surgery, recurrence is common in Stage I NSCLC, highlighting the need for improved prognostic classi-
fication. This study aims to evaluate the key pathological factors affecting recurrence and survival and to 
investigate the potential benefit of adjuvant chemotherapy (ACT) in patients with Stage I NSCLC.  
Methods: A retrospective analysis was conducted on patients with Stage I NSCLC who underwent curative 
surgery between 2010 and 2024. Demographic and disease-related prognostic factors were assessed. The impact 
of these factors, along with adjuvant chemotherapy (ACT), on overall survival (OS) and disease-free survival 
(DFS) was analyzed.  
Results: A total of 95 patients were included in the study, with a median follow-up period of 47 months. Re-
currence occurred in 35.8% of patients, and 16.8% died. The five-year OS and DFS rates were calculated as 
76.4% and 67.9%, respectively. Spread through air spaces (STAS) was identified as an independent prognostic 
factor associated with an increased risk of recurrence. While OS was shorter in patients with LVI positivity, it 
was not determined to be an independent prognostic factor. Visceral pleural invasion (VPI) did not demonstrate 
a significant prognostic impact on survival or recurrence. The effect of ACT on OS and DFS was evaluated, 
but no survival advantage was observed.  
Conclusions: Certain pathological factors influence survival and recurrence in Stage I NSCLC. While STAS 
was identified as an independent prognostic factor, ACT did not provide a significant benefit for OS or DFS. 
These findings emphasize the importance of individualized treatment approaches and close oncological fol-
low-up after surgery. Future studies should incorporate novel and effective biomarkers, such as circulating 
tumor DNA, to optimize adjuvant therapy decisions.  
Keywords: Non-small cell lung cancer, spread through air spaces, recurrence, survival, prognostic factors, 
lymphovascular invasion, adjuvant chemotherapy 
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Lung cancer is the leading cause of cancer-re-
lated deaths in both men and women, posing a 
significant global health burden [1]. Non-small 

cell lung cancer (NSCLC), which accounts for approx-
imately 85% of all lung cancer cases, is the most com-
mon subtype [1]. In patients with early-stage NSCLC, 
surgical treatment remains the most effective curative 
approach [2]. However, even after curative surgery, 
the risk of recurrence persists in 20-30% of patients, 
negatively impacting long-term survival rates [3]. The 
five-year survival rate for stage IB patients remains at 
73%, while this rate reaches 85% in stage IA patients 
[3, 4]. In this context, identifying the factors influenc-
ing postoperative recurrence and survival is crucial for 
accurately determining which patients require adju-
vant therapy. This is essential to prevent undertreat-
ment or overtreatment, ensuring optimal management 
of stage I NSCLC patients. 
      Among the factors influencing postoperative sur-
vival, tumor size, lymphovascular invasion (LVI), vis-
ceral pleural invasion (VPI), histological subtype, and 
surgical margin positivity (SMP) have long been rec-
ognized. In recent years, however, spread through air 
spaces (STAS) has emerged as an increasingly inves-
tigated prognostic factor [5-9]. Despite numerous 
studies, a clear consensus has yet to be reached regard-
ing which parameters indicate a higher recurrence risk 
in stage I disease, and no definitive agreement has 
been established on the use of adjuvant therapy. Ad-
juvant platinum-based chemotherapy is generally rec-
ommended for stage I NSCLC patients with tumors 
≥4 cm. However, conflicting findings exist in the lit-
erature regarding the effectiveness of adjuvant 
chemotherapy (ACT) in patients with tumors smaller 
than 4 cm or those exhibiting high-risk features such 
as VPI or LVI [10, 11]. Current guidelines do not rec-
ommend adjuvant chemotherapy for stage 1A patients; 
however, they suggest chemotherapy for certain 
groups of patients with stage 1B disease. Specifically, 
adjuvant chemotherapy is recommended for patients 
with tumors larger than 4 cm, those showing lympho-
vascular invasion or pleural invasion, those with 
poorly differentiated tumor histology, and those with 
a PET scan SUV value greater than 10 [12]. 
      This study aims to retrospectively evaluate the fac-
tors affecting recurrence and survival in NSCLC pa-
tients who underwent surgical treatment and continued 

oncological follow-up at a single center between 2010 
and 2024. By addressing existing gaps in the literature, 
this study seeks to contribute to the development of 
improved treatment strategies for this patient popula-
tion. 
 
 
METHODS 
 
Study Design and Patients 
This study is a single-center cohort study that retro-
spectively evaluates the factors affecting prognosis in 
patients with stage I non-small cell lung cancer 
(NSCLC) who underwent surgery between 2010 and 
2024. Local ethics committee approval was obtained 
for this study (approval number 2025/010.99/12/35), 
and it was conducted under the principles of the Dec-
laration of Helsinki. 
      Patients included in the study were those diag-
nosed pathologically with stage I NSCLC who under-
went lobectomy, segmentectomy, or wedge resection 
and at least six months of oncological follow-up after 
surgery. Patients with tumors containing small cell 
components, those who underwent inadequate lymph 
node dissection, those who received neoadjuvant ther-
apy, and those with synchronous/metachronous cancer 
were excluded from the study. Staging was performed 
according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) staging system, and 
histological subtypes were classified according to the 
World Health Organization (WHO) classification [13, 
14]. 
 
Clinical Data Collection 
      The demographic characteristics of the patients 
(age, gender), tumor size, histological subtype, and 
pathological prognostic factors STAS, LVI, VPI, SMP, 
and main bronchus involvement (MBI) were retro-
spectively obtained from patient records. 
      Patients who received adjuvant chemotherapy 
were compared with those who did not in terms of sur-
vival and recurrence. Postoperatively, patients were 
followed up with computed tomography every 3 to 6 
months during the first two years and then annually 
for at least four years. Patients who were lost to fol-
low-up during the specified follow-up period were ex-
cluded from the analyses. 
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Statistical Analysis  
      Statistical analyses were performed using IBM 
SPSS Statistics for Windows, Version 25.0 (Statistical 
Package for the Social Sciences, IBM Corp., Armonk, 
NY, USA). Descriptive statistics were presented as n 
and % for categorical variables and as Mean ± SD and 
Median (min-max) for continuous variables. The Ka-
plan-Meier method was used to compare survival and 
DFS durations between clinical groups. Finally, the re-
sults of multivariate Cox regression analysis were pro-
vided to assess the impact of various clinical variables 
on mortality and recurrence risk. A P-value < 0.05 was 
considered statistically significant. 

RESULTS 
 
The median age of the patients included in the study 
was 61 years (range: 37-82 years), with a male-to-fe-
male ratio of 2.8 (69/26). Wedge resection was per-
formed in 16 patients (16.8%), while the remaining 
patients underwent anatomical resection (lobectomy, 
pneumonectomy, etc.). The most common tumor lo-
cation was the right upper lobe (n=34, 35.8%). Histo-
logically, 30 patients (31.6%) had squamous cell 
carcinoma, while 65 patients (68.4%) had non-squa-
mous histology. A total of 27 patients (28.4%) received 
ACT, of whom 21 (77.8%) were treated with a cis-
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platin-containing regimen. The median follow-up pe-
riod was 47 months (range: 8-86 months). During this 
period, recurrence was observed in 34 patients 
(35.8%), and 16 patients (16.8%) died. The patholog-

ical characteristics of the patients and treatment ap-
proaches are summarized in Table 1. 
      The median overall survival (OS) and disease-free 
survival (DFS) were not reached. The two-year and 
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five-year OS rates were calculated as 93.6% and 
80.4%, respectively, while the two-year and five-year 
DFS rates were 77.4% and 56%, respectively. Com-
parisons of OS and DFS according to different vari-
ables are presented in Tables 2 and 3, respectively.  
      For patients with negative LVI, the median OS 
was not reached, whereas for those with positive LVI, 
the median OS was 79 months, showing a statistically 
significant difference (P=0.03) (Fig. 1). Similarly, in 
patients with negative surgical margins, the median 
OS was not reached, while in those with positive mar-
gins, the median OS was 48 months, with a statisti-
cally significant difference (P=0.002). There was no 
statistically significant difference in OS between pa-
tients with and without VPI (P=0.329) (Fig. 1). Uni-
variate analysis identified variables significantly 
associated with OS, which were subsequently included 
in a multivariate Cox regression model. According to 

this analysis, SMP were found to increase the risk of 
death by 4.83 times (HR: 4.83, 95% CI: 1.33-17.51, 
P=0.016). 
      In univariate analysis, MBI (P=0.011), STAS 
(P=0.008), and SMP (P=0.009) were found to be sta-
tistically significant for DFS (Table 3). The median 
DFS was not reached in patients without STAS, 
whereas in those with STAS, the median DFS was 42 
months, showing a statistically significant difference 
(P=0.008) (Fig. 2). Similarly, the median DFS was not 
reached in patients with negative surgical margins, 
while it was 33 months in those with positive margins, 
with a statistically significant difference (P=0.009). 
Variables found to be significant for DFS in univariate 
analysis were included in the multivariate Cox regres-
sion model. According to the model results, MBI in-
creased the risk of recurrence by 4.46 times (HR: 4.46, 
95% CI: 1.26-15.69, P=0.020), the presence of STAS 
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increased the recurrence risk by 2.79 times (HR: 2.79, 
95% CI: 1.39-5.60, P=0.004), and SMP increased the 
recurrence risk by 4.35 times (HR: 4.35, 95% CI: 
1.43-13.24, P=0.019). 
      In both patients who received and did not receive 
ACT, the median OS was not reached. The two-year 
OS rate was 95.5% in patients who did not receive 
ACT and 88.9% in those who did (Fig. 3). The five-

year OS rate was 80% in patients without ACT and 
82% in those with ACT, with no statistically signifi-
cant difference (P=0.927). Regarding DFS, the median 
DFS was 34 months in patients who received ACT, 
whereas it was not reached in those who did not re-
ceive it. The two-year DFS rate was 82.2% in patients 
without ACT and 64.6% in those with ACT. The five-
year DFS rate was 56.7% in patients without ACT and 
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Fig. 1. Kaplan-Meier estimates for disease-free (A) and overall (B) survival, by lymphovascular invasion. Disease-free (C) 
and overall (D) survival, by visceral pleural invasion. 

!

!

Fig. 2. Kaplan-Meier estimates for disease-free (A) and overall (B) survival, by STAS. 
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47.9% in those with ACT, with no statistically signif-
icant difference (P=0.089) (Fig. 3). 
      To assess the impact of adjuvant chemotherapy in 
high-risk patients a subgroup analysis was conducted. 
Among patients over 65 years old who did not receive 
adjuvant chemotherapy had a significantly longer DFS 
(P<0.05). However, in subgroup analyses based on 
other high-risk factors, no statistically significant dif-
ference was found in OS or DFS between patients who 
received adjuvant chemotherapy and those who did 
not (Fig. 4). 

DISCUSSION 
 
The identification of poor prognostic factors in stage 
I NSCLC patients is of great importance for predicting 
the course of the disease after surgery and optimizing 
adjuvant treatment strategies. However, no standard-
ized consensus has been reached in the literature, and 
different variables are highlighted in various studies. 
In our study, while SCP, MBI, and STAS were found 
to be significant determinants of survival and recur-
rence, factors such as age, gender, histological sub-
type, ACT, LVI, and VPI - considered prognostically 
important in the literature - were not identified. It is 
well known that prognostic factors in stage I NSCLC 
are not consistently determined across studies and may 
vary between different patient populations. Our find-
ings reflect this heterogeneity, emphasizing the need 
for standardization of prognostic markers in stage I 
disease and a more individualized, patient-centered 
approach. 
      STAS, which defines tumor spread through air 
spaces, is a histopathological feature increasingly rec-
ognized for its prognostic significance and is associ-
ated with poor prognosis in early-stage NSCLC [15]. 
While various studies have shown that anatomical re-
section may not be necessary for every stage I NSCLC 
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Fig. 3. Kaplan-Meier estimates for disease-free (A) and overall (B) survival, by adjuvant chemotherapy.

Fig. 4. Effects of adjuvant chemotherapy on disease-free sur-
vival in patients over 65 years old.
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patient, it has been reported that wider surgical resec-
tions, such as lobectomy, provide better survival out-
comes, particularly in STAS-positive patients [16]. 
Our study detected STAS positivity in 2 of the 16 pa-
tients who underwent wedge resection, and both ex-
perienced recurrences. In contrast, among the 14 
STAS-negative patients, recurrence was observed in 
only 2 cases. Although further analysis could not be 
performed due to the small sample size, this finding 
supports the notion that wedge resection may be an in-
adequate surgical option for STAS-positive patients 
and that lobectomy may be a more appropriate ap-
proach [16, 17].  
      VPI is a crucial pathological finding indicating 
tumor extension to the pleural surface and, in the cur-
rent TNM staging system, leads to an upgrade to T2 
classification regardless of tumor size. This under-
scores the prognostic significance of VPI; however, 
some studies suggest that in smaller tumors, LVI may 
be a stronger prognostic factor than VPI [7]. In our 
study, LVI was found to be significant in univariate sur-
vival analysis, but its borderline significance in multi-
variate analysis suggests that this may be due to the 
small cohort size. The lack of a significant effect of VPI 
on survival or recurrence aligns with the literature sug-
gesting that LVI may be biologically more aggressive 
than VPI in smaller tumors. Given that most of our pa-
tient population had tumors ≤3 cm, this could explain 
why VPI did not appear to have a significant impact 
[7, 18]. However, large-scale studies are needed to 
make a definitive conclusion on this matter. 
      Studies on prognostic factors in stage I NSCLC 
indicate that while some factors have well-established 
prognostic significance, others show variability. SMP 
and MBI have been identified in numerous studies as 
poor prognostic factors for survival and recurrence 
[16, 19, 20], and our study confirmed them as inde-
pendent prognostic indicators. Conversely, factors 
such as age, male gender, and histological subtype 
have shown inconsistent prognostic value in the liter-
ature, and our study did not find a significant associa-
tion between these variables and survival or recurrence 
[3, 21, 22]. This discrepancy may be due to differences 
in patient populations, treatment approaches, or the 
limited sample size. To improve prognostic accuracy 
in stage I NSCLC, larger-scale studies and the use of 
biomarkers are necessary. 
      The efficacy of ACT in stage I NSCLC remains 

controversial, and proper identification of high-risk pa-
tients is essential. The LACE meta-analysis demon-
strated that adjuvant chemotherapy provides a survival 
benefit for tumors larger than 4 cm but does not signif-
icantly contribute to smaller tumors [10]. Various stud-
ies have reported that adjuvant therapy improves 
survival in tumors >3 cm or those with positive VPI 
[23-25]. In our study, no significant survival difference 
was observed between patients who received ACT and 
those who did not, which may be attributed to the lim-
ited sample size and treatment selection heterogeneity. 
      In addition to conventional prognostic factors, re-
cent research has investigated the prognostic and pre-
dictive value of biomarkers such as circulating tumor 
DNA (ctDNA). The literature suggests that preopera-
tive ctDNA presence is associated with a high risk of 
recurrence in early-stage NSCLC patients and that 
these patients may derive greater benefit from adju-
vant chemotherapy [26]. When considered alongside 
high-risk factors such as STAS and SMP, ctDNA is be-
lieved to be a valuable tool for guiding adjuvant ther-
apy decisions. Although ctDNA was not assessed in 
our study, incorporating ctDNA into future research 
alongside standard prognostic factors may contribute 
to a more accurate determination of the need for adju-
vant therapy in stage I NSCLC. 
      Our study confirms that STAS, LVI, SMP, and 
MBI are poor prognostic factors in stage I NSCLC, 
whereas VPI, age, gender, and histological subtype 
were not found to be significant. In subgroup analyses 
of adjuvant chemotherapy, it was concluded that ad-
juvant chemotherapy showed detrimental impact on 
DFS in patients aged over 65 and was ineffective in 
patients with other risk factors. However, these find-
ings may be due to the small sample size and patient 
heterogeneity. The impact of adjuvant chemotherapy 
on survival remains unclear, necessitating better iden-
tification of high-risk patients. In the future, integrat-
ing biomarkers such as ctDNA with pathological 
factors like STAS and LVI may improve patient selec-
tion. Larger-scale studies are needed to establish per-
sonalized treatment approaches for stage I NSCLC. 
 
Limitations 
      This study has some limitations. Its single-center 
retrospective design may limit generalizability, and the 
small sample size in certain subgroups may reduce sta-
tistical power, making it difficult to draw definitive 
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conclusions about the impact of adjuvant chemother-
apy. Additionally, the absence of molecular biomarker 
analyses, such as ctDNA, restricts the ability to fully 
stratify high-risk patients. Another important limita-
tion is the long study period, during which changes in 
staging systems and evolving chemotherapy indica-
tions may have influenced treatment decisions. This 
variability could have introduced heterogeneity into 
the study population, affecting the consistency of the 
results. However, a strength of this study is the inclu-
sion of relatively novel prognostic factors, such as 
STAS. Future multicenter prospective studies incor-
porating molecular profiling may help refine risk strat-
ification and optimize treatment strategies. 
 
 
CONCLUSION 
 
In this retrospective study, we identified key prognos-
tic factors influencing recurrence and survival in stage 
I NSCLC patients who underwent surgical treatment. 
Our findings demonstrate that STAS, LVI, SMP, and 
MBI are significant predictors of poor outcomes, 
whereas VPI, age, sex, and histological subtype did 
not show a statistically significant impact on survival 
or recurrence. The role of ACT in stage I NSCLC re-
mains inconclusive, as our analysis did not confirm a 
definitive survival benefit. However, our findings em-
phasize the importance of risk stratification to avoid 
both overtreatment and undertreatment in this patient 
population. Given the heterogeneity of prognostic fac-
tors, individualized treatment approaches remain cru-
cial in optimizing outcomes. Emerging biomarkers 
such as ctDNA may offer additional insights into re-
currence risk and could refine patient selection for ad-
juvant therapy. Future large-scale prospective studies 
incorporating molecular profiling and pathological 
markers such as STAS and LVI are needed to establish 
more precise prognostic models and personalized 
treatment strategies for stage I NSCLC. Our study 
contributes to the growing body of literature advocat-
ing for a standardized risk assessment model to guide 
treatment decisions in stage I NSCLC. By integrating 
both histopathological and molecular prognostic fac-
tors, we can improve risk-adapted therapy and en-
hance long-term survival in surgically treated NSCLC 
patients. 
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